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THE HISTOLOGY OF THE HUMAN EAR CANAL WITH SPECIAL
REFERENCE TO THE CERUMINOUS GLAND*
ELDON T. PERRY, M.D. AND WALTER B. SHELLEY, M.D., Pu.D.
The histology of healthy human skin is fundamentally the same over the entire
body. However, in many regions one finds variations from this basic structure as
well as variations in the number and type of skin appendages. These regional
modifications demonstrate the versatility of the skin in dealing with its environ-
ment and in participating in the total body economy.
The skin that lines the wall of the external auditory canal of man is a good
example of specialized development. The appendages of this skin produce cern-
men which coats the wall of the canal giviiig it a sticky surface. This is nature's
"fly paper", which traps insects and small foreign bodies that might otherwise
injure the delicate tympanic membrane.
This report will survey the microscopic picture of the skin that lines the exter-
nal auditory canal. It will describe the appendages of that skin and delineate the
range of variation in the histology of the normal healthy canal.
MATERIALS AND METHODS
Biopsies were taken from the external auditory canals of over 150 subj ects. In many
instances both ear canals were biopsied. There were three sources of subjects: normal
healthy volunteers, patients undergoing surgery on structures of the ear other than the
canal,' and cadavers on whom post-mortem examinations were being conducted.2 Subjects
ranged in age from 2 days to 88 years. Males outnumbered females in a ratio of 2:1. The
ratio of Caucasians to Negroes was 3:1. Biopsies were obtained from one Chinese cadaver.
In preliminary studies, multiple sites from the entire circumference and from variou8
depths in the cartilaginous canal were biopsied. Subsequently, the majority of the biopsies
were taken from the anterior wall just proximal to the tragus. In addition, the entire pinna
and external auditory canal from several fetuses and a complete auricle from one adult
were secured for microscopic study of representative regions.
All specimens were serially sectioned in their entirety to facilitate the tracing of skin
appendages along their devious courses.
Routine staining was done with hematoxylin and eosin. Special stains were used where
indicated. We have previously published a report on the innervation of the ceruminous
glands (1).
RESULTS AND DISCUSSION
Preliminary Anatomical Considerations
The human ear canal is a skin-lined cul-de-sac which measures approximately
24 mm. in length and has an average volume, as measured in ten subjects, of
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0.85 cc. The tympanic membrane lies at the blind end of this pouch. The inner
one-third of the canal is a passage through the temporal bone, lined with ex-
tremely thin skin (0.1 mm. in thickness). In this area the skin is essentially epi-
dermis, with but little corium and no subcutaneous tissue (Fig. la).
The outer two-thirds of the ear canal is cartilagino-membranous; that is, the
floor and sides of the canal are formed by cartilage, while the superior wall is
composed of fibrous connective tissue which joins the cartilage to form a tube.
In this cartilaginous canal there is great variation in the thickness of the skin
covering, but the average is from 1.0 to 1.5 mm. (Fig. ib). Interestingly, this
part of the canal shows a secondary sex characteristic, viz., the presence of stiff
terminal hairs (tragi) in adult males.
The puma is composed of a lamella of yellow elastic cartilage which is con-
tinuous with the cartilage of the outer canal and which is closely enveloped by
skin. This cartilage is intricately folded into complicated convolutions and it
extends to all parts of the pinna, with the exception of the lobule where it is re-
placed by a fat pad.
Histology
The appendages of the skin of the human external iuditory canal are three in
number: ceruminous glands, sebaceous glands, and hair.
Ceruminous glands
The ceruminous gland is a simple coiled tubular gland with a duct coursing
through the corium to empty into a hair follicle or onto the epidermal surface.
It has been estimated that there are between one and two thousand ceruminous
glands in the normal ear. Most of these are situated in the cartilaginous canal,
although a few may be found scattered over the skin of the auricle. In the outer
canal, these glands form a well-defined band around the entire circumference of
the canal. The individual ceruminous gland is larger than an eccrine sweat
gland, but not as large as the apocrine sweat gland of the human axilla.
Age. Although tubules and ducts of ceruminous glands can definitely be identi-
fied in biopsies taken from the ear canals of embryos (Fig. 2a), infants (Fig. 2b),
and children, it is evident that these glands do not reach their full development
until puberty. In pre-pubertal biopsies, the secretory cells appear to be fully
developed, but they are fewer in number and the tubule and its lumen are small.
One hardly ever sees any material in these lumina which could represent the resi-
due of secretion such as one sees in the lumina of glands removed from an adult.
At puberty, the glands take on the appearance of those seen in the adult (Fig. 3a).
In sections from elderly subjects, the glands are decreased in number and one is
led to deduce that the number and probably the function of these glands de-
crease with advanced age (Fig. 3b).
Race. It was our general finding that the ceruminous glands in Negroes were
more numerous and more highly developed than in Caucasians.
Sex. There are no detectable differences in the ceruminous glands of males and
females. Furthermore, biopsies from patients in the second, fifth, and seventh
months of pregnancy showed no alteration of the ceruminous glands.
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FIG. 1. (a) Histologic section of the skin lining the bony canal. Note the remarkable
thickness of the stratum corneum. This occurs because the area is unique in that it is un-
touched and unwashed. Another unique finding is the thinness of the corium and the
complete absence of epidermal appendages. Magnification 125 X. (b) Histologic section
of the cartilaginous (outer two-thirds) portion of the human external auditory canal. Note
the suhepidermal pad of sebaceous glands and, beneath them, the tubules of the ceruminous
glands. There are no eccrine glands in the ear canal. Magnification 40 X.
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FIG. 2. This figure and Fig. 3 demonstrate the histologic picture seen at various ages.
(a) Thirty week embryo. The tubules of ceruminous glands are seen at the arrow tip.
Cartilage (C) and parotid gland (P) can be seen. (b) Two week infant. Ceruminous tubules
are again seen at the arrow tip. Sebaceous glands are well developed. Both magnified 24 X.
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Fin. 3. Shown for comparison with Fig. 2. (a) Thirty-seven year old female. Ceruminous
and sebaceous glands form well-defined bands. Often the ceruminous glands will extend
down almost to the upper border of the cartilage (C)—inuch closer than this example
shows. (b) Eighty-eight year old male. There are degenerative changes in the eorinm and
cartilage. Note the almost complete absence of skin appendages. Magnification 24 X.
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FIG. 4. Ceruminous gland unit. Cross sections of the tubule lie grouped together in
the deep dermis. The duct forms an arc as it sweeps through the dermis to its opening onto
the skin surface. Magnification 90 X.
General observations. On histologic study, one sees a group of cross sections of
the coiled tubular portion of the gland deep in the corium (Fig. 4). The duct is
often not in evidence unless serial sections are studied. Sometimes there are so
many glands crowded together that it is impossible to outline the boundaries of
any one gland. At other times, a condensation of the connective tissue imme-
diately around a group of cross sections seems to form an encompassing capsule
to isolate a particular gland.
The glandular portion of the ceruminous gland may be compared to a sack
within a sack. The inner sack is made up of the cells which produce the secretory
product of the gland. The outer sack is composed of smooth muscle called rnyo-
epithelium which, by its contraction, can compress the inner sack, decreasing
the size of its lumen, and evacuate the contents of the lumen (2).
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FIG. 5. The histology of the secretory tubule of the ceruminous gland. (a) Average
tubule. The cuboidal cells that make up the inner or secretory layer of the tubule are easily
seen. It is a little more difficult to make out the nuclei of the myoepithelial cells (arrow)
which surround the secretory cells as an outer layer of the tubule. Magnification 375 X.
(b) The secretory cells in this gland are columnar and the luminal surface is uneven and
budding. The nuclei of myoepithelial cells are seen at the bases of the secretory cells. Mag-
nification 375 X. (c) Pigment granules in the secretory cells. There is great variation in
the amount of pigment present in different subjects. Magnification 950 X. No. 47 Wratten
filter (3600—5300 A) used. (d) Budding on the luminal border of secretory cells. Magnifica-
tion 1520 X.
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On cross section (Fig. 5a), the inner layer (sack) is the prominent one, com-
monly being made np of cuboidal cells. In contrast, the outer layer (sack) of
myoepithelium is seen only after closer study or in fortuitous longitudinal sec-
tions. This layer appears to be composed of nuclei at the base of tbe secretory cells.
With routine hematoxylin and eosin staining, the cytoplasm of the secretory
cells is seen to be eosinophilic. It contains a large, rather light-staining nucleus.
All of the secretory cells do not stain equally well. Occasional cells remain poorly
stained and thus stand out conspicuously against their darker neighbors. These
light-staining cells are apt to have smaller and more compact nuclei filled with
darker-staining chromatin. At times, several of these cells sit side by side causing
a whole segment of the tubule to be lighter. No mitoses have been observed in
the secretory cells.
The intercellular borders of these secretory cells are poorly defined. The lumi-
nal border often presents a cobblestone appearance reminiscent of transitional
epithelium. This wavy appearance is most evident in those glands with small
lumina and crowding of the cells (Fig. 5b). When a gland is dilated, the cells
usually become flattened against the myoepithehum and present a perfectly
straight luminal border.
FIG. 6. Myoepithelial cells. The histology of these fiber-like cells with their spindle-
shaped nuclei is well demonstrated here because, just by chance, the microtome blade cut
this tubule longitudinally. The round nucleI belong to secretory cells which lie on the lu-
minal side of the myoepithelium. The myoepitbelium is especially well seen on the right
side of the photograph where the tubule changes its course from parallel to the knife blade
to one transverse to the blade. Magnification 385 X.
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The cytoplasm of the secretory cells often contains yellowish-brown pigment
granules of varying size and number (Fig. 5c) which do not stain selectively for
iron (Perles' method for ferric iron). Montagna and his co-workers, \vhO have
studied this pigment extensively, point out that it fluoresces with an orange-red
light when exposed to ultraviolet rays (3). They further state that this pigment
closely resembles ceroid. The granules usually lie between the nucleus and the
luminal border of the cell and were also demonstrated in the cerumen by Mon-
tagna. There is no readily apparent correlation between the amount of pigment
and the subject's age, sex or race. It should be stated, however, that when the
granules occur in increased numbers in a gland, most of the glands of that subject
will show excess pigment.
FIG. 7. Transition from the tubular portion of the ceruminous gland to the ductal por-
tion. This photomicrograph demonstrates the abropt change from secretory cells to ductal
cells (arrow). The myoepithelium, which appears so distinctly at the lower pole of the
gland, disappears where the secretory cells stop and hoth types of cell are replaced by the
two layers of small darker cells with their small dark nuclei. Magnification 285X.
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In some glands, one sees little pseudopods which extend out from the luminal
border of the cells (Fig. 5d). These are called secretory buds by some writers,
but doubt has been cast upon the notion that these buds represent a part of the
substance of the cell that is about to be cast off into the lumen as a part of the
secretion. It is possible that these tiny protrusions are fixation artefacts.
The outer (myoepithelial) layer of the glandular portion of the ceruminous
gland is made up of smooth muscle which is fiber-like in longitudinal section (Fig.
6) and spindle-shaped in the more commonly seen cross section. The nuclei are
smaller and darker-staining than those of the secretory cells. The cytoplasm of
these cells is difficult to define in cross section, but can be readily outlined when
the sectioning, by chance, produces a longitudinal cut of the gland. It is eosino-
philic. The myoepithelium surrounds the secretory cells very closely and ends
where the glandular portion is transformed into the ductal portion of the gland.
Around the periphery of the glandular portion of the tubule, external to the
myoepithelium, there is a deeply eosinophilic basement membrane. This struc-
ture is probably nothing more than a condensation of the connective tissue im-
mediately adjacent to the tubule.
The lumen of the glandular portion varies widely in size. If the secretory cells
are columnar the lumen is apt to be quite small and one is not likely to see any
evidence of secretion in it. On the other hand, when the lumen is large, the cells
lining the tubule are often flattened against the myoepithelium. In this instance
FIG. 8. Duct of the cerumirlous gland. This photomicrograph shows the duct with two
layers of cells making up the wall. This is the characteristic picture of the duct in the
corium. In the intra-epidermal portion of the duct (see Fig. 9) there is keratinization of
the cells that line the lumen, but at the level pictured here, there is none. Mag. 550X.
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the lumen may contain a certain amount of amorphous, lightly eosinophilic
material with many bubble-like vacuoles. This undoubtedly represents residue
of the ceruminous gland secretion which was present in the lumen at the time
of biopsy.
The transition from the glandular to the ductal portion of the ceruminous
gland is very abrupt. It is possible at times to see the very point where the last
secretory cell lies directly next to the first ductal cell (Fig. 7). Here, as previously
mentioned, the myoepithelium ends. In some specimens one can clearly see a
small diverticulum that pouches out at the junction of the gland and the duct.
The duct of the ceruminous gland is composed of two rows of small, darkly-
staining cells (Fig. 8). There is no definite distinction between the inner cells and
the outer cells, and indeed there is only a poor attempt at formation of layers
in this region. There is no consistently discernible basement membrane. The duct
is relatively straight as it passes up through the corium to open either into the
upper portion of the hair follicle or onto the free skin surface beside the hair
follicle. Simonetta and Magnoni have stated that the opening of the ceruminous
gland is follicular in fetal life, but that most of these glands open onto the skin
FIG. 9. These two photomicrographs demonstrate the two types of poral opening of the
ceruminous gland duet. (a) Follicular pore. This is probably the most common type. The
secretion is poured into the hair follicle in its upper part—above the opening of the seba
ceous glands. (b) Extra-follicular pore. Here the duct opens directly onto the free skit
surface a short distance from the pilo-sebaceous apparatus. Both magnified 72X.
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surface by the time of birth (4). The majority of the glands that we have studied,
however, have opened into a small depression in the side of the upper part of
the hair follicle (Fig. 9a). In some instances, one can even define a circular ring
of keratin around this opening into the follicle which may give the appearance
of a plug in the poral opening. From our observations, it seems probable that
only the terminal part of the duct—where the wall becomes many cell layers
thick—forms keratin. When the duct opens directly onto the free skin surface
(Fig. 9b), the lumen of its distal extremity is somewhat larger than that of the
rest of the duct giving it a funnel-shape.
Sebaceous glands
All of the hairs, vellus and terminal alike, are abundantly supplied with seba-
ceous glands. In the external auditory meatus these glands usually form a thick
sub-epidermal pad. Except for their tendency to grow larger and in greater num-
bers, these glands do not differ from sebaceous glands elsewhere in the skin.
Here, as in all other areas where sebaceous glands accompany hairs, the ducts
usually open into the sheath of the hair follicle.
Hair
The hairs of the ear canal of man are of two types. Most of the canal, as well
as the auricle, in all subjects, is covered by tiny, short, almost invisible vellus
hair. These are the hairs formerly called lanugo. In addition, adult males have
large terminal hairs (tragi). These hairs are prominent in the distal extremity of
the canal and, in varying numbers, on the tragus, antitragus and, occasionally,
over the helix. Fibers of the arrectores pilorum are not seen.
Eccrine sweat glands
There are only a few eccrine sweat glands scattered over the pinna and we have
seen none in the external auditory canal. This is consistent with the findings of
Collins, although he stated that he found a few scattered "sweat glands" near
the entrance of the external auditory meatus (5).
COMMENTS
A survey of serial sections of biopsies from the external auditory canals of over
150 subjects has brought out the following points:
(1) The skin of the external auditory canal has three appendages: ceruminous
glands, sebaceous glands and hairs. There are no eccrine glands.
(2) The ceruminous gland in man is characterized by the following histologic
features:
(a) A large lumen (compared to that of an eccrine sweat gland).
(b) A wall made up of an inner layer of secretory cells and an outer layer
of myoepithelium.
(c) The gland can be identified in embryos, infants and children, but does
not reach its full development until puberty. It may completely disappear in
old age.
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(d) The gland appears to show greater development in the Negro than in
the Caucasian.
(e) Pigment granules may be identified in the secretory cells of certaiu glands.
(f) The duct usually empties into the upper third of the hair follicle but
may open onto the free skin surface independent of the follicle.
(3) There is a subepidermal layer of especially well-developed sebaceous glands
overlying the pad of ceruminous glands.
(4) The hairs that appear in the external auditory canal vary in number, but
may be numerous and prominent.
The enumeration of the histologic features of the ceruminous gland points up
the close histologic similarity between this gland and the apocrine gland of the
human axilla. Previous studies of the physiology of the ear canal gland (2) have
pointed out that there is also a marked resemblance between these two glands
physiologically.
We are led to the conclusion that, both histologically and physiologically, the
ceruminous gland is an apocrine gland.
5UMMARY
A histologic study has been detailed to show the microscopic picture of the
skin of the normal ear canal. Observations have been made to elucidate the his-
tologic nature of the ceruminous gland in relation to other skin appendages.
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